INTRODUCTION
Soil temperature is one of the important factors that influence soil properties processes involved in plant growth. It governs the soil physical, chemical and biological processes (Buchan, 2001) . It also influences the interspheric processes of gas exchange between the atmosphere and the soil (Lehnert et al., 2014) , (Tyson et al., 2001) . The amount of radiation received by the soil affects soil temperature (Haskel et al., 2010) , the heat capacity of a soil depends on factors which are inherent to the soil itself (include the mineralogical composition and the organic component of the soil) and those which can be managed or controlled to a certain extent (Wierenga et al., 1969) . Factors influencing soil heat capacity that can be managed externally include water content and soil density (Yadav & Saxena, 1973) . Water content plays a major role in soil heat capacity but is the most difficult to manage. Soil management affects heat capacity because practices that cause soil compaction will increase the bulk density and decrease the porosity of a soil.
Also, the thermal properties in the soil depend on soil state and its physical properties, and may be considered as semi-stable Lehnert et al (2014) . However, information on thermal properties of soils is very limited. Thermal properties of the soil affected by its mineralogical composition, particle size distribution, organic matter content, density of the solid phase and the bulk density of the soil, water content and temperature. Bachmann et al (2001) . These properties are temporarily stable or semi-stable, except for soil water content and temperature, which are spatially and temporarily variable Usowicz (1992) . Soil organic matter amendment can be increase soil temperatures during solarization, so it improves the efficiency of solarization; it has been reported that soil temperature is 2-3 ºC higher during solarization with compost than without compost (Gamliel and Stapleton, 1993) due to exothermic microbial activity stimulated by organic matter application (Simmons et al., 2013) . While addition of organic matter improves soil heating, organic matter decomposition during the solarization process is poorly understood. Destabilizing soil with organic matter can increase soil temperature during solarization as a result of increased soil biological activity Komariah et al., (2011) . Christopher et al (2016) , Demonstrated the role organic matter management plays on temperature elevation and organic acid accumulation, the combined disinfection power of organic acids and enhanced heating suggest that biosolarization could significantly cut solarization time from weeks to days. Abu-Hamdeh, Nidal. (2014) . found that, specific heat increased with increased moisture content of sand and loam soils. Also, volumetric heat capacity increased with increased moisture content and soil density. The differences between the observed and predicted results were very small. Loam soil generally had higher specific heat and volumetric heat capacity than sandy soil for the same moisture content and soil density.
Soil moisture content: has definite influence soil heat distribution down the profile. The flow of heat is higher in a wet soil than in a dry soil where the pores filled with air. The rate of heat dissipation increases with moisture content Ochsner et al. (2001) .
Soil temperature is a vital factor for plant growth, microbial activity, chemical, physical reactions in soil, water, and air movement in soil and consequently nutrient availability to plants. Heat transfer in soil is of great importance for both practical and academic reasons, the rate of heat transfer affects the rate of soil warming up and cooling down. The purpose of this study is to evaluate the changes in soil temperature as affected by some soil conditioners.
Temperature is a measure of the heat intensity in the body or the level of heat and measured as (ºC, ºF, ºK) Celsius, Fahrenheit or Calvin, while heat content is the amount of heat existing in a body based on its thermal capacity or heat capacity. It can defined as the amount of temperature change in the soil in response to the absorption or release of heat. The heat capacity in calories per gram called specific heat, unit (calorie /cm 3 ). Cv = Ʃ (ρd cs + ρd w cw) where: Cv is the volumetric heat capacity of moist soil, Cal /cm 3 / ºC; and ρd cs is the volumetric heat capacity of dry soil, Cal /cm 3 / ºC. ρd w cw is the volumetric heat capacity of water, Cal /mm of water/ ºC.
MATERIALS AND METHODS
The current work was carried out in the Agricultural Field Experiment Station of the Desert Research Center (DRC) in Ras Sudr, South Sinai, to study the impact of soil amendments on soil heat and moisture content in calcareous soil. During the growth summer season 2016, using three rates of sheep dung (10, 5 and 0 ton/ fed), sheep wool (1 and 0.5 ton/fed) according to Andrej Voncina and Rok Mihelic (2013) and their combinations (5 ton/fed sheep dung + each of 1.0 and 0.5 ton/fed sheep wool). Soil amendments were mixed with the upper 15 cm soil depth, and two rates of irrigation water were applied using drip irrigation system at 100% and 75% of available water. Ec and pH of the irrigation water were, 8.96 dS/m and 7.63 respectively. Each plot was 2 x 3 m. Sorghum, (bicolor L. Monech ) was planted in the 1 st June 2016. Cutting the plants was done in three stages; the first cutting was 40 days after planting (DAP), the 2 nd and the 3 rd cuttings were after 70 and 100 days from the first cutting.
After cutting, when plants 10 cm length, soil moisture samples were taken to determined soil moisture content. soil temperature was determined and recorded at the same time every hour from 9.00 am until 6.00 pm through July, August and September for 0 -5, 5-10 and 10-15 cm soil depths. Digital thermometer with the accuracy of 0.1°C was used to record soil temperature (Taylor and Jackson, 1965) . To calculate soil heat content, air temperature was measured at 1 meter height above soil surface by using thermometer. Heat content was calculated as Calories for each soil layer and the total heat retained was calculated by the formula H = ms cs + mw cw.
where: H is heat content of the soil in calories, cs and cw, are the specific heats in calorie/gram/ ºC of dry soil particles and soil water, respectively. ms= mass of dry soil profiles, mw= mass of water ΗΤ = Hs (amount of heat retained by solid particles) + Hw (amount of water heat). Where, Hs is the product of the mass of the oven-dry soil particles and heat capacity the soil and Hw was estimated by multiplying the volumetric water content (θV) of each soil layer and the heat capacity of water. Afterwards, the total amounts of heat retained in each layer of treatments obtained via multiplying (ΗΤ) by the recorded soil temperature at the considered time. The relationship between heat content and the time of each treatment was determined. An example of 10 ton/fed sheep dung, under 100% irrigation water applied in 0-5 cm soil depth.
The area of total heat content under curve (Heat Index), was calculated following equation:
Heat Index .
Soil sample from 0-30 cm soil layer collected for the determination of soil physical properties according to Klute (1986) . At the end of the growing season the sorghum (ton /fed) productivity, fresh weight productivity recorded as the three cuttings. The analysis 
RESULTS AND DISCUSSION
Effect of amendments treatment on soil heat content under 100 % water applied: Soil heat content and moisture content of the studied soils as affected by various types of soil amendments and their application levels are given in Tables (2-4). It is evident that treating soil with sheep dung, sheep wool and their combination had a great difference on the heat content of soil. However, the tendency of the variation in the heat content was appreciable.
In the soil depths 0-5, 5-10 and 10-15 cm, the data in Table ( 2) and Figs (1-6), showed that the total heat content values were higher in the upper soil depth 0-5 and 5-10 cm. Then a sharply decrease in soil heat content with the increasing soil depth under various types rates of soil amendments, irrigation water applied. Also, the total heat content of control and sheep wool treatment of all the rates was lowest compared to sheep dung treatments.
Data in Table ( 2) and Figs (1, 2& 3), showed the total heat content in July month under various types of soil amendments and their application levels (100 water applied) in 0-5, 5-10 and 10-15 cm soil depths, were increased in the upper soil layers 0-5 and 5-10 cm depths. In addition, it increased with time from 9.00-12.00AM to reach a maximum at 12.00-3.00 PM in 0-5 and 5-10 cm. Then, it was decreased gradually until to reach 6.00 PM. In addition, the values of total heat content of control and sheep wool treatment of all rates was lowest compared to sheep dung treatments.
The total heat content under 10 ton /fed sheep dung treatment was higher than that of the other treatments, this result agreed with (Gamliel and Stapleton, 1993) . This finding may attributed to the presence of highly moisture content in the soil layer treated with sheep dung. The results declared that the values of total heat content for sheep wool treatments was lower than the values of total heat content under 5 ton/fed sheep dung with the times of experiment. In the same time, it was noticed that the values of the total heat content in the upper layers 0-5 and 5 -10 cm of control soil was lower than the heat content values of each of all sheep dung and sheep wool treatments. Also, the results showed that the minimum soil heat content of the soil at any given depths were the lowest in control soil treatments and increased in soil treatments sheep dung. Effect of amendments treatment on soil heat content under 75 % water applied:
Data in Tables (2) and Figs (4, 5 and 6), reveal that there is considerable variation of heat content along with water content. Also, there was increase in heat content with increasing rate of water applied in soil, which results in the formation of a pronounced peak and a highly in the heat content curve of 100% available water (water applied) but, it was low in 75% available water (water applied) under the same rate of soil amendments. This may be the amount of heat needed to increase the temperature of soil is strongly related to water content. It takes only 0.2 calories of heat energy to increase the temperature of I gram of dry soil 1 °C; compared with1.0 calories per gram per degree for water (Kohnke 1982) . The increase of moisture content decreases the soil temperature also resulting in higher storage capacity at higher moisture content, agreed with (Al -Kayssi et al 1991) .
The obvious effect of adding 10 ton/ fed sheep dung on increasing the total heat content in soil of the upper layer 0-5 and 5-10 cm could be attributed to its black colour of sheep dung and keep the higher water holding capacity. This is because the high absorptivity of dark colours to incidence of solar radiation than the light ones (wool sheep treatments and control samples). These results show that, heat content increase, also the lower soil moisture content with increased the temperature of its top layer as a result of decreasing its heat energy under 75% water applied. Also, The lower total heat content of the upper layers treated with sheep wool and soil control (non treated) relative to the sheep dung could be explained on basis of the sheep wool as insulator to heat, due to its low heat capacity and lower of its retention moisture content. The higher moisture content lowers soil temperature due to the higher of below heat vaporization of water molecules ≈ 585 cal /gm. Therefore, the temperature of the lower layer was always less than the upper one. The difference in temperature between the treated soil and the control was small at 10-15 cm soil depth. The difference in temperature between the first depth (0-5cm) and the second one 5-10 cm, was small in the case of 5 ton/fed sheep dung, (5ton/fed sheep dung + 1ton/fed sheep wool) and (5 ton/fed sheep dung + 0.5 ton/fed sheep wool) relative to treated soil with 10 ton /fed sheep dung.
Data in tables (3 &4) reveal that the same trend, in August and September months but the total soil heat content was higher in August than the total heat content in July and September, this due to increased soil temperatures through August month.
Concerning to the effect of amendments on soil heat content, the data reveals that the maximum soil heat content increased in the following order to: 10 ton/fed sheep dung > 5 ton/fed sheep dung > combination 5 ton/fed sheep dung with 1 ton /fed sheep wool > combination 5 ton/fed sheep dung with 0.5 ton /fed sheep wool > 1 ton /fed sheep wool > 0.5 ton /fed sheep wool > control (non treatment). This may be due to that the sheep dung was as a physical barrier between the soil and atmospheric air, consequently improved soil moisture retention and heat balance of the soil layers , (Al-Kayssi, 2009 ).
Data in Figs (1-6) reveal that, In general, there was a variation in heat content through the measurement in daytime periods which results in the formation of a pronounced peak and a highly in the temperature curve of the surface layers but, it was low in the deeper layers of all treatments. It may attribute such a formation to the following reasons, usually, soil treatment and water content in the soil, the heat capacity of the soil increases, thereby requiring more heat per degree rise in temperature. In addition the sunshine hours during this period. Also, there is considerable strong relationship between heat content and water content of the soil. The data show that the increase in heat content with increasing rate of water applied in soil, which results in the formation of a pronounced peak and a highly in Heat Index of 100% water applied but, it was low of 75% water applied.
Integral Method:
In order to follow the cumulative heat content (in Calories) over the measure time of both soil temperature and moisture, the area under curve Figs (1-6) , cumulative heat content can be found from the measurements calculated of Heat Index in each soil amendments treatment under the rates of water applied during a given interval of time from the relation :
Where A = The cumulative heat content (Heat Index) calculated at period of time (1-9) . An example of 10 ton/fed sheep dung, under 100% irrigation water applied in 0-5 cm soil depth.
Polynomial (5) show the influence of soil amendments and water applied on the Heat Index (cumulative heat content) of 0-5, 5-10 and 10-15 cm soil depth. In July month, 0-5 cm soil depth, the results showed the increase of Heat Index (cumulative heat content), of 10 ton/fed and 5 ton/fed sheep dung amendments under (100 and 75 % water applied) compare to control was 13.32, 10.49 %, 13.78 and 12.03 % respectively. However, the increase of Heat Index (cumulative heat content) of 1 ton /fed and 0.5 ton/ fed sheep wool under (100 &75 % water applied) was < 1 %.
In 5-10 cm soil depth, the results showed the increase of Heat Index 14.63, 12.18, 10.07 and 11.68% for organic amendments, 1.18 and 1.55 % of 1 ton /fed and 0.5 Ton/ fed sheep wool respectively. The increase of Heat Index was slightly in 10-15 cm soil depth. The same trend in August and September months.
The statistical analysis:
The statistical analysis of variance of two Way Completely Randomized design ANOVA of depth 0-5 and 5-10 cm soil depths, in July, August and September months. The obtain data in table (7) reveal that, the aforementioned trends, whereas the significant and LSD values indicated the dependency of sheep dung, sheep wool and combination sheep dung with sheep wool on Heat Index resulted in highly significant effect and so, 100 & 75% water applied. While, there was no significant of sheep wool treatment. Also, there was no significance at 10-15 cm soil depth for all soil amendments and water applied in July and August months. However, in soil depth (10-15 cm), total heat content was significantly different between treatments in September, this emphasized that this result obtained as a result of increasing effect of treatments on the depth of the roots and the increase of roots' movement to the bottom, which leads to significant increment in soil heat content in the depth 10-15 cm at the end of the experiment, because the values of soil heat and water contents were related to roots length and increased with time relatively compared to the values content of soil heat and water of sheep wool treatments and control. The increase in soil water content progressively increased with soil depth at the end of the experiment. Effect of soil amendments on physical and chemical properties: Soil water characteristics:
Data in Table ( 6) showed that the amount of available water increased with increasing soil amendments. Under 100% available water applied, this increase was 45.32, 20.88 and 14.36% of 10 Ton/ fed sheep dung, 5 ton / fed sheep dung and mixing (5 ton/fed sheep dung +1 ton/fed sheep wool) relative to the control respectively. It is also evident that the available range of soil moisture slightly increased by using sheep wool alone. (7) show the effect soil amendments significantly increased the soil available water values relative to the soil control. The highest increasing in the available values was in the soil treated with different soil amendments, and it could be arranged these increment as follows: 10 ton/fed sheep dung > 5 ton/fed sheep dung > mixing (5 ton/fed sheep dung +1 ton/fed sheep wool) > mixing (5 ton/fed sheep dung + 0.5 ton/fed sheep wool).
CONCLUSIONS
Considerable variation of heat content along with water content. the increase in heat content with increasing rate of water applied in soil, which results in the formation of a pronounced peak and a highly in the heat content curve of 100% water applied but, it was low of 75% water applied.
The lower total heat content of the upper layers treated with sheep wool and soil control (non treated) relative to the sheep dung could be explained on basis of the sheep wool is insulator for heat, its low of heat capacity and their keep lower of moisture content.
The greater effect of 10 ton/ fed sheep dung on increasing the total heat content in soil of the upper layer 0-5 and 5-10 cm could be attributed to its black colour of sheep dung and keep the higher Soil moisture content.
The higher moisture content lowers soil temperature through its effect on evaporation process, which has a cooling effect. In addition, the temperature of the lower layer was always less than the upper one. The difference in temperature between the treated soil and the control was small at 10-15 cm soil depth. The difference in heat index between the first depth 0-5cm and the second one 5-10 cm, was small in the case of 5 ton/fed organic.
In soil depth 10-15 cm, heat index was significant differences between treatments. in September, this emphasized that this result obtained as a result of increasing effect of treatments on the depth of the roots and the increase of roots' movement to the bottom, which leads to significant increment in heat content in the depth 10-15 cm at the end of the experiment. 
